With an aim to improve the mechanical properties of a weld joint, a new concept of vibratory setup has been designed which is capable to stir the molten weld pool before it solidifies during shielded metal arc welding (SMAW) operation. Mechanical vibration having resonance frequency of 300 Hz and amplitude of 0.5 mm was transferred to the molten weld pool of 6 mm thick mild steel butt-welded joints during the welding operation. The experimental work was conducted at various ranges of frequencies, welding current and welding speed. Taguchi's analysis technique has been applied to optimize the process parameters; the response values for analysis are yield strength and micro-hardness. The test results showed that with the application of the vibratory treatment the values of hardness and tensile properties increased. The auxiliary vibrations induced into the weld pool resulted in increased micro-hardness of the weld metal which indicates the orientation of the crystal and refinement of grains took place. This study shows that vibration applied into the weld pool can be successfully improved the mechanical properties of welded joints. Thus this research attempt provided an alternative welding technique for grain refinement of weldments.
Introduction
Vibration techniques to improve the mechanical properties of weld structure have been introduced from for many years.
From the various proposals it is reported that grain refinement is caused by dendrite fragmentation (Mostafapour and Gholizadeh, 2014; Qinghua et al., 2007) . To date, vibration can be used as external energy input during the welding operation to improve the mechanical property of the particular welded structure. Many authors used a vibratory table to introduced vibrations during welding operation to improve the metallographic properties of the weld joints. Application of electromagnetic field, ultrasound and ultrasonic vibrations also has been applied during welding operations (Mostafapour and Gholizadeh, 2014 et al., 2007; Tiwari and Shanker, 1993; Cui and CL, 2006; Lei et al., 2011; Dehmolaei et al., 2008) . Vibratory welding technique is a process to transfer the energy into the weld pool during the welding operation by application of some external auxiliary mechanisms.
In this study such a vibratory setup has been designed which is capable to stir the molten pool by transferring certain amount of frequency in to the weld pool during the shielded metal arc welding process. The workpiece is fixed on the worktable and vibratory setup transfers the vibration in to the weld pool. Due to this fact, stirring the molten pool of the weld zone during welding could lead to significant alterations in the microstructure and mechanical properties. This experimentation is an optimization of vibratory welding technique of 6 mm thick welded mild steel plates under the various input parameters and the responses are yield strength and hardness of the particular welded joints. Taguchi's technique has been applied to find out the optimum levels of welding current, welding speed and frequency for shielded metal arc welding of mild steel butt weld. The investigation aims to maximise the yield strength and hardness of the butt-welded joints, so larger is better criteria has been selected to investigate the S/N ratio.
Experimental details
Shielded metal arc welding (SMAW) operation has been used for butt joint of mild steel plates of size 200 × 100 × 6 mm 3 . The filler metal (E-3106) has been used as an electrode for SMAW process. Since the cooling rate of the weld pool is very fast so we have designed such an arrangement so that the vibratory setup can shake the liquid form of weld pool before it solidifies. The vibratory setup works on the principle of rotation of unbalanced motor, it has a small motor with an offset weight on its drive shaft. When the device is switched on it results into a rotational movement of the object weight that causes resonance. Fig. 1 is showing the schematic modal of a vibratory setup. A 9 V rechargeable battery used as a power supply for the vibratory setup, with an accelerometer, data acquisition and signal analysis the vibration frequency of this vibratory setup was determined. This setup produced a peak mechanical pulse of frequency 300 Hz approximately with low amplitude of 0.5 mm. As compare to other vibratory welding techniques, this setup has less investment, more convenient operation, shorter manufacturing period and transferring maximum amount of energy in to the weld pool with less consumption of power input.
A set of nine experiments have been designed by Taguchi method. The experiments were arranged in three levels of frequencies (250, 100 and 80 Hz), three levels of current (90, 100 and 110 Amp) and three levels of speed (8, 10 and 12 cm/min). The suitable orthogonal array describes the experiment plan on the basis of degrees of freedom. To study the influence of each parameter to the response value, analysis of variance (ANOVA) technique has been used.
Result and discussion
The weld joints that had been welded at different level of frequencies, current and welding speed were mechanically tested. Minitab 16-software has been used to analyse the experimental data. Table 1 describes the results obtained from the tensile and hardness tests at various welding conditions. The interaction effect between welding parameters is not been considered. The strength of the weld joint which is generally expected to be high is examined by equation (1) (Deepak Kumar et al., 2014) .
The micro-hardness testing as carried out on different welded specimens. Fig. 2 and Table 2 showing that the most influencing factor for the hardness property is induced vibration at higher level of frequency. It has been observed that micro-hardness of the weld metal/zone was found to increase in almost all the cases where vibratory conditions were applied. When mechanical vibrations are induced into the weld pool during welding, a disturbance is created which tends to pose a hindrance to the solidifying dendrites and forms a new nucleation sites causes a fine grain structure forms.
The tensile specimens were prepared in accordance with ASTM E-08 standards. The displacement rate was 0.5 mm/min. Fig. 3 is explaining the results obtained from the tensile test and the most influencing factor which affects the yield property of the welded joint. The yield strength of the welded joint is maximum when current is at 110 Amp, welding speed at 8 cm/min and the induced vibration at frequency of 250 Hz. When the welding current is high and the welding speed is low then the metal deposition rate increases, the mentioned condition of the weld geometry leads to enhancement of the tensile property of the welded structure. We have found an interesting outcome from the results that when the applied frequency of the vibration increases its yield strength also increases. This improvement in yield strength for vibratory weld specimen attributed to the favourable microstructural changes that impeded grain growth, resulting in relatively shorter dendrites in the weld pool. 
Where n = number of measurements; y i = response value for each noise factor. i = number of design parameters in this study OA has nine experiments (L 9 ).
Conclusions
It has been shown in this work that vibration applied into the weld pool can be successfully enhanced the mechanical properties of welded joints. Thus this research attempt provided an alternative for grain refinement of weldments.
The auxiliary vibrations induced into the weld pool resulted in increased micro-hardness and the yield strength of the welded joints which indicates the orientation of the crystal and refinement of grains took place.
